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LOX-SPEED INVESTIGATION OF TEE EFFECTS OF WING TANKS 

By WillFern C. Sleelrs,  Jr . , a.nd Williaa J. Alford, Jr. 

A low-speed wind-tunnel fnvestigztion was conducted t o  study the 
effects  of pylon-znounted wi-ag tmks 2nd speed brakes on t he   s t a t i c  sta- 
b i l i ty   cherac te r i s t ics  of a m o d e l  havhg sweptbeck w i n g  a d  t a i l  surfaces. 
The w i n g  of the model - i s  of aspect   ra t io  3.45 find' w a s  swept 40° at  the 
qwter-chord  l ine.  The wing tmks were of f ineness   ra t io  10.4 uld were 
located at zpproximztely  the  22-percent-wing-seispan  station. The speed 
brahes were located on the  sides of' the fuselege a short, distance behind 
the ving t ra i lcng edge. 

c The tes t   resul ts   inaiceted that addition of the tanks and brdes 
had an appreciable  zdverse  effect on the  dcrectional  stabil i ty  chmec- 
t e r i s t i c s  of the model throughout the s idesl ip  range.  Furthermore,  rud- 
der  effectiveness w i t h  the tanks and brakes  instelled was such that side- 
s l i p  angles corresponding to regions of very low di rec t iona l   s teb i l i ty  
could be closely ap$roached. In  addition t o  the  direct ional-s tebi l i ty  
problems eacountered, e large  veriztion of pitching nomen% ~ L t h  s idesl ip  
(nose down w i t h  increased  sideslip)  revealed a longitudinal trim problem 
thet could be encountered i n  flight f o r  an airplane  haxhg sinilar char- 
ac te r i s t i c s  m d  for  which large  sideslip  engles  could be reached 
a d v e r t e n t l y .  

* 

An increase in s ize  of the v e r t i c e l   t a i l  and the eddition of a 
dorsal f i n  offered tvo possible neans for improving the yawing-moment 
characterist ics with tanks m d  brakes  installed. 

L D u r i n g  flight tes t ing of several  current high-speed e i r p h n e  con- 
figurations, some conventional mmeuvers such as abrupt  aileron rolls 
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and rudcier kfcks (ref. 1 and unpublished data) have led   to   v io len t  uncon- 
t ro l led   l a te ra l  and longitudinal motions. Although these  airplanes 
d i f fe red   appechbly  i n  geometry;their f l i g h t  behsvior m s  characterized 
by t h e   a t t a i m n t  of large  positive and negative  angles  of  attack  as  well t 
as high  sideslip  angles  within a given fl lght  record.  For one airglese 
configuration,  the  violent motion enco-mtered  appeared t o  be associated 
with the  instal la t ion of wing tanks and projection of  speed brakes.  Flight 
t e s t s  of this   a i rplane also indicated that the aforementioned  undesirable 
chmecter is t ics  were present et both low speeds and high speeds. It 
appeared therefore that some r e s e a c h  at low speed on a typical  config- 
uretion  could  provide  static  Etzbility  information  pertinent  to  this 
problem and of general   interest   reletive  to  the  longitudinal ead l a t e r a l  
characterist ics over a large  range of sideslip  angle and angles of attack. 

An investigation has been conducted i n  the Langley 300 mph 7- by 
10-foot tunnel t o  determine  the  effects of pylon-mounted  wing teaks and 
speed brakes on the s ta t ic   s tab i l i ty   charac te r i s t ics  of a complete model 
having a k @  sweptback wing of aspect  ratfo 3.45. Static  longitudinal 
and lateral characterist ics of a model differing  only  slig?kly i n  ta i l  
geometry from the  present model 6;re pesented  in  reference 2. Results 
of this investigation  are  presented as the  vsriation of aerodynamic 
characterist ics with sideslip  angle  for a range of sideslip  ulgles *om 
-bo t o  30°. Although most of the test  results were obtained with the 
model a t  an angle of attack of 0.3O, the effects  of t w k s  and brakes on 
the  basic rnodel were also determined  over the aforementioned sidesliD 
range a t  angles of attack of approxjmately +l3O and t60. * 

T e s t  resu l t s  for the  basic  configuration  indicated t h a t  a  marked 
reduction  fn  directional  stabil i ty accompmied the  addition of wing Y 

tznks and speed  brakes. Much of the  investigation w a s  therefore  directed 
tovard  detemination of the causes of' these  adverse  effects end deter- 
mining means for   a t ta in ing  more satisfactory  characterist ics w i t h  tanks 
md brakes  b-stalled. 

COEF'FICIENTS AND SYMBOLS 

The resu l t s  of this  investigation  are  presented as stmdard NACA 
coefficients of forces and noments. Figure 1 shows the   s tab i l i ty  system 
of &xes and the  positive  direction of forces, moments, and displacments 
of the rnodel. Moment coefficients  are given  about  the  reference  center 
shown in  f igure 2 (located on the fuselage  center line et a langitudinal 
position  corresponding to the 2~-percent-mean-aerodyne,1.nic-chord s ta t ion) .  
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l if t  coefficient, - L i f t  
qs  

longitadinel-force  Coefficient, - X 
ss 

drag  coefficient, -Cx a t  zero  sideslip 

pitching-moment coefficient, - M 
GSE 

rolling-moment coefficient, - 
@-b 
L 

yzwing-mornect coefficient, - N 
a_sb 

lateral-force  coefficient,  - Y 
ss 

longitudinal  force  dong X-axis, l b  

l a t e r s l  Force d o n g  Y - a i s ,  l b  

ver t ical   force alor?g Z-axis (Lift  = 4 )  , lb 
ro l lb-g  raoment about X-ais, ft-lb 

pitching morrent about Y - a x i s ,  f t - l b  

yawing mmcnt zbout Z-axis, ft-l’o 

dynmic  pressure, $pa, lb/sq f t  

velocity, ft/sec 

air density,  slugs/cu f t  

whg  area  (excludhg simula+,ed whg  root  inlet) ,  sa_ f t  

wing spzn, f-t 

wing nean aercdynanic  chord, ft 

angle of a t tack of fusekge  center  l ine,  deg 

zngle of sideslip,  deg 
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rudder  deflection  neasured i n  a plane  parallel t o  the 
fuselege  center lire, positive when t r a i l i ng  edge is t o  
the l e f t ,  deg 

t o t a l  or combined deflection of l e f t  and right  ai lerons 
measured in  a plane n o m 1  t o  the wing qwter-chord 
l ine,  deg 

denotes  coefficient  increments due to tine t a i l   su r f aces  

MODEL DESCRIFTION 

Side and plan views of the basic model corSiguration used i n   t h i s  
investigation are given as figure 2. The wing had kOo sweepback of the 
quarter-chord  line,  assect  ratio 3.45, teper   ra t io  0.578, and had NACA 
&A010 e i r fo i l   sec t ions  normal t o   t h e  quarter-chord  line. A summary of 
the  geometric characterist ics of the model is given i n  table  I. 

Frincipal dimensions and location of the  fineness-ratio-10.4 wing 
tanks and tne speed  brakes are  given in figure 3 and ordinates of the 
wing tanks  are  given fn table 11. Figure 3 also shows several m o d i f i -  
cations  to  the basic model  which  were tested in  a t t a p t s  to Inprove the 
direct ional   s tabi l i ty .  For the test without the canopy, a section of 
the  fuselage  containing  the canopy w a s  replsced by E? section which  con- 
tinued  the basic fuselage  contour. 

In  the  desigrmtion of model configurations,  the  basic model as shown 
in  figlire 2, with  the  exception of the lending gear, i s  considered  the 
basic arrangercent. Test resu l t s  showing efEects of the  addition of t a k e  
and brakes to   t he  model aze  for  the  basic  configuration unless otherwise 
indicated. 

TESTS AND RESULTS 

Test  Conditions 

Tests were conducted i n  the  hr!gley 300 mph 7- by 10-foot tunnel at 
E dynamic pressure of 34.2 Founds per s q w e  foot, which corresponds t o  
m airspeed of approximately 116 miles per  hour. Tne t e s t  Reynolds nun- 
ber based on the wing mean aerodynemk  chord was a p p r o x d t e l y  1.8 X 10 6 . 
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- The node1 vas nomted in  the  tunnel on a single-susport  strut, which 
w a s  Ettached t o  the  fuselage, and pract ical ly  a l l  the tests were nede by 
verying  the  angle of sideslip  with  the e-n-gle of attzck remaining constant. 

Correctiom 

Jet-boundsry corrections t c  the  angle of attack md the  longitudinal- 
force  coefficients were determined from refereme 3 .  The following  cor- 
rections were  edded to  the  dzta: 

A C ~  = -0.0155~~ 2 

Em = 0.0143CL (for t a i l -on   tes t s  only) 

Blockage corrections determined f r o m  reference 4 were a-gplied to   t he  
dynaaic pressure. 

No systanatic  evalzation of support  tares has been Fade and correc- 
t ions  for  support  interference heve Eot been applied t o  the  data. How- 
ever,  results of same limited t s r e   t e s t s  on t h i s  model aM past  expertence 
indicated  thet  support  tzres w e r e  probably small and associated  Fr imri ly  

1 with minimun drag end longitudinal t rh.  

L Presentetioa of Results 

Most of the basic results ere  presented as v a i a t i o n s  of the aero- 
-ic characterist ics  with  sideslip Engle for the  vmious test config- 
urations. Some resu l t s  showing the longitudinel  chmrecteristics of the 
model a t  zero sideslip  with cmd without  tanks and brzkes  are gfven in 
figure b .  Effects of the tanks ar?d brakes on the aerodynamic charac- 
t e r i s t i c s  ia sidesl ip  of the  besic  conffguration  for  several  constant 
velues of engle of a t tack  are  given in   f igure 5 .  Ckrarecteristics of the 
basic  configuration  with  the  rudder and ailerons  deflected 2;re also 
presented in figures 6 and 7, respectively.  Results showing effects  of 
the canogy are  given ir! figure 8 znd cheracterist ics of the model with 
the   t a i l   sur faces   raoved  =e presen-led in   f igure  9 .  

Tests were conducted with the tanks en6 brakes hs tz l led   separz te ly  
in order to  assess  the indivi-dual  contribution of these components  and 
these  results are given in   f igure 10. Results shoving the  effects or" 

* various  modificztions such as addition of the 1aCia.g gem,  tank f h s ,  
dorsal fins, extended ver t ica l  tail,  and flzp deflection  me  presented 
in figilres 11 t o  18. 

1 



Inasmuch as the  effects of m a n y  of ti--e individual components and 
madifications  czsnot be conveniently  cbtained  directly from the  basic 
data  f igmes,  the most pertinent  informtion is  presented in   t he  summary 
figures 19 t o  25. 

DISCUSSION 

The present  investigation was primarily concerned with the  possible 
prablerrs eesociated wi%h addition of wing t&s and speed brzkes on the 
directionel  cheracterist ics of the model;  however, l imited  tests  also 
were  made t o  determine the  effects  of tanks m d  brakes on the  longitudinel 
charac te r i s t ics   a t  zero sideslig over  an  angle-of-attack  range of approx- 
inately +19. These results,  presented  in  figure 4, show no large  effects  
of tanks and brakes OF, the  longitudinal  characteristics  other  then  the 
expcted  increase i n  drag. 

Basic Conf igwation 

Effect of tmks and brakes.- The effects  of tanks and brakes on the 
aerodynamic characterist ics  in  sideslip of the  basic  configuration  are 
shown in  f igure 5 for  several  constmt  values of mgle  of attack. The 
d i rec t iona l   skb i l i t y  near  zero  sideslip 'was reduced  approximately i n  
half a t  positive  angles of atteck  (figs.   5(c),  5(d), and 5(e) ) by eddition 
of the tmks and brakes. For  example, the  pmmeter  w2s reduced 

frm a value of about 0.0022 a t  a = 0.3O t o  a vslue of 0.0010 by ins ta l -  L 
l a t ion  of the tznks and brakes  (fig.  ?(c)). Regions of neutral  directionel 
s t a b i l i t y  were indicated a t  app-oxhmtely 20' sideslip  for  the  basic  clean 
corfiguration a t  a l l  mgles  of attack.  Addition of the tanks and brakes 
ceused this  neut ra l   s tab i l i ty  t o  occur et  s idesl ip  engles somewhat less 
than 20°. I n  general, tkroughout the  engle-of-attack  rarge,  eddition of 
the  tanks a d  brakes  increased  the  dihedral  effect  (rolling moment; due t o  
s idesl ip)  a t  law sideslip angles; hovever, et  higher  sideslip  angles, 
negative  dihecbal effect was indicated  both with and without  the twks 
and brakes. Inasmuch &s the  clharacteristics  tkrough the sidesl ip  range 
obtained a t  a = O.3O were typical of those obtair,ed a t  other  mgles of 
attack, subsequent t e s t s  were made only  a t  this  angle of attack. 

CnP 
I 

The results  presented  in  figure 5 were obtained  with  the  ailerons 
m d  the  rudder on the model uzldeflected and it should be pertinent t o  
determine if t'ne aforementioned  adverse effects of tadis and brakes  per- 
sLsted  with  these  controls  deflected. Aerodymxic characterist ics of the 
mde l  with the rudder deflected 13.5O and Kith t i e  zilerons deflected 20° 
are presented in   f igures  6 and 7, respectively,  for m angle of at tack 
of 0.3'. Cornpu3eon of fig-mes 6 md 7 with  figure 5 ( c )  indicates that 



a deflection of the  controls had l i t t l e   e f f e c t  011 the  increnents zktribut- 
2ble t o  addition of the tznlks and brakes. The ro l l ing  nioment due t o  slde- 
s l i g  m s  more l inear  at l o x  sideslip  angles  with  the  controls  deflected 

higher sideslis   angles.  9312 rudder  effectiveness  vith  the  tanks and brzkes 
instal led was such Via+ regions of very l o w  d i r ec t ioml   s t ab i l i t y  could 
be clasely esproached. mis low s t a b i l i t y  combined with d y n a i c  overshoot 
would allow m a i rp lme  hzving these  c'nzracteristics t o  reach  high side- 
slip  rngles  inadvertently. 

(figs. 6 and 7); however, negztive  dfhedral  effect was sti l l  indiczted a t  

FitchFrg-moment characterist ics  in  sideslip.-  An in-eresting  espect, 
not normally emphasized ia lateral-stzbil i ty  investigations,  w%s the 
pitching-nonent  variation with sideslip  angle  both  with and without tanks 
md  brakes  installed.  Figure 19 has been prepared to s-ize the 
pitching-noment chezacteristics  presented  in  figure 5 for  the  nodel  with 
tanks md brakes  installed. The pitching moment a t  zero sidesl ip  has 
been subtracted from the  data of f igure 5 so that the  curves of figure 19 
show only the increment, of pitxhing moment due to   s fdes l ip  a t  each t e s t  
vlgle of attack. Tqese r e su l t s  shov U g e  variations  in  pitchfng noment 
e6 the  sideslip Engle was fncreased above apgroxldtely 5O and indicate 
a strong  diving tendency which increases  generally  with  both  mgle of 
attack and sideslip.  This pitching-moment variation cozbined with  the 
low d i r ec t iond  s-LEbility  with  the "e azld brakes instal led would be 
highly  undesirable from the  standpoint of fligit behavior of an a i q l u l e  
possessing  these  chamcteristics. With regerd to the  adverse  pitching- 
moment characterist ics,  it would therefore be desirable to reduce this 
pitchixg-nonent  variation o r  increase  the  directlorn1  stabil i ty with  tanks 
and brakes  installed so that high  sideslip  angles  could  not be easi ly  
reeched  inadvertently.  P-ttanpts  accordingly were made to find  the  czuses 
of' t h i s  pitching-aoment v u i e t i o n  and -Lo a t t a i o  me- for  eli?nimting  or 
reducing i t s  effects .  

8 

L 

Results  obtained w i t h  the t a i l  surfaces removed are also  given in 
figure 19 for  an mgle  of a t k c k  of 0.3O and comparison of these  results 
w i t h  <?e  tail-on  curves  il-dicates tkmt essent ia l ly  a l l  of the  pitching- 
moment vmia t ion   a t  'this mgle of at tack WEB associated  with the presence 
of the t a i l  surfaces. 4n explanstion of t h i s  pitchi-lg monent can be made 
from exemiration of the tuft grid photogrEph of the f l o w  field ne= the 
t a i l  presented in   f igure 20. This photograph was obtained from a previous 
investigation of this model  mounted on wing suppart s'truts zsld in  which 
the &tail surfaces were replzced by thin rods indicating  locations of the 
ver t ica l  t a i l  a& low,  mid, and high  positions of the  horizontal tail.  
Tie  nid  horizontal-tail  position i n  figure 20 correspollds closely -Lo t hak  
of the  present  hvestigation. The flow field  as  indicated by the   tu f t s  
shows the  strong  vortex from the   t ra i l ing  wing tis, the less extensive 
vortex from the  leading Xing t ip ,  and a third cen"aally  located  vortex 

vortex w a s  counterclockwise at   posi t ive  s idesl ip   angles  which induced an 
c of approximately  the  sane  extent 86 the  trailing-wing  vortex. %is central  
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upload 6n the  horizont81 ta i l  a t   pos i t ive  Engles of a t tack where t h e   t a i l  - 
h d  moved  down into  tne  vortex  field. Flow surveys  obtained with a single 
tuft probe showed that  the  horizontal tai l  moved  away from the  vortex a6 
the  angle of attack w a s  decreased uld the  converse w e s  observed with 
increasing  angle of attack.  Further ?robe  surveys  revealed that  the  vortex 
originated on top of the  fuselage a t  the canopy and trailed  along  the upper 
side of the fuselage back t o  epproxinately the 3/4 lengt'n where it detached 
and t ra i led  over the  horizontal   ta i l .  

\ 

Attempts were made to   e lhinate   the  fuselage  vortex by removing the 
cmopy,  imsmuch as the vortex  zppeared t o  originate a t  the canopy. The 
force  data, which =e presented i n  figure 8, and tuft surveys showing 
effects  of t h e   c m o ~ y ,  w e r e  consistent  in that l i t t l e  difference was 
observed i n  the fuselage  vortex and in   t he  pitching-noment variation with 
s idesl ip  w i t h  and without the canopy. It would therefore appear the t  
relocation of the  horizontal t a i l  would be a more effective means of 
reducing  the pitching-moment variation  than  attempting  fuselage 
modifications. 

T a i l  contribution  in  sideslip.-  Increnents of the lateral components 
due to   the   ver t ica l  and horizontal t a i l  surfaces were determined from 
figures  5(c) and 9 and t ire presented in   f igure  21. A comparison of the 
rolling-moment characterist ics with and without  the t a i l  surfaces 
(figs. 5 (c) and 9) indicates  that most of the  dihedral  effect a t  low 
sideslip  angles w a s  associated wi tb  the ta i l  contribztion. As  indicated 
i . ~  figure 21, effects  of tanks and brakes on the rolling-moment contri- 
bution of t h e   t a i l  wefe small. 

Increments attr ibutable  to  the  tanks and brakes on the   t a i l   con t r i -  
bution  to yawing mornent and la teral   force were f a i r l y  s~a l l ,  pzrticularly 
at' low and moderate sideslip  angles  xhere  these  effects were appreciably 
adverse for  the  cmplete  model configuration. Tnese results  indicate 
therefore that the wyavorable  effects of the  tanks and brakes on direc- 
t ional   s tEbi l i ty  of the  coaplete model  were primarily  associated with 
their   direct   contribution or, t i e  wing-fuselage configuration  rather  than 
on the t a i l  contribution. 

Individual  effects of  tanks m d  brakes.- Results showing effects  
of tenks and brakes  installed  sepretely were obtained from figures  5(c) 
an6 10 and m e  presented in   f igure 22. The largest  individual  er"fect on 
yewing  moments  shown in  f igure 22 wes obtained w i t h  addition of the wing 
tanks  for  sideslip  vlgles above approximately loo and the combined effects 
of tanks and brakes were, i n  general, sonew1ha.t less than  directly  additive. 
A cornpaxison oT results  presented  in figure 11 k-ith those of figure 10 
would indicate thet the  adverse  contribution of the tenk pylons to  dfrec- 
t i ona l   s t zb i l i t y  was f a i r l y  smll and therefore most  of the  effect  of the 
tank  installation vas associated w i t h  the  direct  contribution of the t d s  
themselves. 

. 



- Modifications t o  the Basic  Config-uration 

1 
T ~ n k  f i n s  end brake  modifications.- Inasmuch as  the  wug tanks 

9 

were 
w shown t o  have the  largest  adverse  effect on direct ionel   s tebi l i ty ,  an 

attempt was made t o  red-me this ef fec t  by adding tai l  f h s  t o  the tanks 
as shown in  figure 3. Results  obtained with the  tank fins on, both w i t h  
end uithout  brakes  installed,  are  presented  in  figure 12 &nd show only 
smzll improvements with fins on the tu?ks. 

Two modifications  to  the speed brakes were investigated  in attenqts 
t o  reduce the adverse  contrLbution of the  brakes and khese results me 
given in  f i g w e  13. Conszrison of figure 5(c)  ~ 5 t h  figure 13 indicates 
tha t  sealing  the  holes in the brakes or novlng the brekes  rearward  pro- 
duced l i t t l e  change in  the   d i rec t iona l   cWacter i s t ics  of the model. 

On the basis of the results considered  thus far, it appeers that 
more satisfactory  directional  charzcterfstics must be achieved by improving 
the  basic t a i l  contribution  rather than by reducing  the  adverse  effects 
of the tznk and brake  exranganent on "&is model. 

Extended ve r t i ca l  teil and dorsa1fFn.-  Tests were made ~ t h  t'ne t i p  
of the  ver t ical  tai l  &ended a s  shokn in figure 3 and these  resul ts   me 
s m i z e d   i n  figure 23. Addition of the ti? extension t o  the basic con- 
figuration w i t h  -kLZnks and brakes  resulted in an epsreciable improvement 
in  d i rec t iona l   s tab i l i ty  at  low sideslip  angles; however, the  direct ionel  

extended t ip .  In order to achieve  addi-lional gam in s t a b i l i t y  at  the 
higher  sideslip ulgles, e large dorsal fin (see f ig .  3 )  was ins ta l led  on 

dorsa l   f in   ins ta l led   a re   a l so  given i n  figure 23 and these  results show 
that significant g a h s  over the basic configuration  could be realized by 
conbination of the  1mge  dorsal fFTl and extended t ip .  Toe extent of these 
gains In db-ec t iond   s tzb i l i ty  ts inaicated i n  figure 24, which  shows 
that the yawing-mozent character is t ics  of the model w i t h  tanks zsd brakes 
instal led could  be made almost  the 6-e as for  %he basic  clean  configu- 
ra t ion by addition of the large  dorsal fin and the extended t i p .  A region 
of neutral   d i rect ional   s tabi l i ty   exis ts ,  however, with t'nese modifications 
above l5O sideslip,  8s  in  the case of the  basic  clean model. 

*. s t a b i l i w  a t  sideslip  angles above 13O vas essent ia l ly  zero  with t'sle 

L the nodel. Results sho-wing ef fec ts  of the ex-lended t i p  w i t h  the large 

Effect of dorsa l   f in  s i z e  and lending gear. - Inasmuch 8s  the lerge 
dorsa l   f in  was mde somewhzt larger  thzn might be  considered  adeqmte, 
tests were =de of E?. smller dorsal T i n  having the seme length .&d apsox-  
U t e l y  half' the =ea of the  large fin. Results obtained with the  small 
dorsal Tin  presented in figure 24 sbov tht the  benefits  achieved by the 
large  dorsal  fin were essent ia l ly   rek ined  up t o  a sideslip angle of 
approxbately 20' - i n   f ac t ,  the small dorsal fin vas superior t o  the 
-@;e f i n  between l 5 O  and 20° sideslip.  Above t h i s  engle,  the smll fin 

* 
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afforded E. significant improvement over tne  brsfc  configuratiol;; hovever, .. 
these gains xere only about half of tnose obtained  with  the  large  fin. 

!be lmding  gear  for  this m o d e l  (fig. 2) had appreciable  projected t 
side area an& therefore  could have a significant  influence on the  direc- 
t ional  characterist ics of the model. Effects of the  landing  gear  with 
the large md small dorsa l   f ins  axe shown in   f igure 25. For s ides l ip  
zngles up t o  about lfjo the landing  gem hzd a relzt ively slnell effect;  
hovever, above t h i s  angle,  addition of the  landing  gear had EL f a i r l y  
kmge  unfavora5le  effect on yavfng moments of the  nodel  for  both Ciorszl- 
f i n  ecrrangements . 

Effect of flap  deflection.-  Tests of the basic configurstion  with 
t m k s  and brakes  installed were made to  detemfne  the  effects of f l ap  
deflection on the  directional  characterist ics of the model with  the 
landing  gear on,  and these  results are given in figure 18. Deflection 
of the wing flaps t o  40’ increased  the  value of at  low s ides l ip  

angles t o  approximately  thEt of the basic  clean model (0.0022); however, 
the  chmacter is t ics  a t  sideslip  mgles  greater than 15O showed a fairly 
large  region of ins tab i l i ty  followed by a region of neut ra l   s tab i l i ty  
with flaps deflected. Tes t  data with the extended t a i l  and dorsa l   f in  
were not  obtained  for  the  flzp-deflected  condition; however, it might 
be expected that  these  modifications vould materially  inprove  the  char- 
acterist ics  at   the  higher  sideslip  mgles.  Furthermore, inasrnuch es 
flzp  deflection would n o m l l y  be  expected t o  accmpany  extension of tne 
landing  gear,  the  adverse  effects of the landing gem shown in figure 25 
would probably be counteracted t o  some extent by the  favorable  effect of 
flap  deflection. 

CnB 

COXLUSIONS 

An investigztion  to determine the  effects  of  wing tanks and specd 
brakes on the low-speed direct ional   s tabi l i ty   c’macter is t ics  of a model 
having a 40° swept  wing indicated  the following conclusions: 

1. Addition of tanks and brakes  reduced  the  directional  stability 
of the  basic nodel at low sideslip  zngles by approximately 50 percent 
and  hed a n  adverse  effect on the yawing-moment variation  at  higher  side- 
s l i p  angles. 

c 

I 

2. Studies of modificstions t o  the model szch as increasing  the 
ver t ica l - te i l   s ize  and instal la t ion of a dorsal ffn indicated  possible 
means for Wprovtng the yawing-rroment chmecteristics  with tznks m d  
brakes installed.  



c 3. The rud6er  effectiveness with tanlrs md  brakes fnstzl led was such 
tfiet  sideslip  regions of very low d i rec t iona l   s tab i l i ty  could  be  closely 
.z-roached. This low direc t iona l   s tab i l i ty  combined w i t h  dymmic over- 
shoot would alloT#i an airplase having -ihese chracteristics t o  reech high 
sides7ip angles inadvertently. 

* 

4. A lzrge pitchUg-;l?on?ent m i a t i o n  with  sideslis  angle was found 
fo r  a l l  configurztions,  vhich w h e ~  combined with  the low directionel 
s t ab i l i t y  witln tanks snd brakes  installed could be highly undesirable 
fron the  standpoint of rlight behavior of an airplalle hsving these 
characterist ics.  

b g l e y  Aeronautical  Lzboratory, 
National Advisory  Comaittee f o r  Aeronautics, 

Lzngley Field, Va. , March 7, 1955- 

1. W-CA High-speed Flight’  Station: -Flight ”Experience w i t ? ?  Two High-speed 
Akplarles F2xvb-g Violent Lateral-Lo?lgitudinzl  Cougling in AileroE 
Rol-ls a t  Wmsonic Speed.. W-CA RM E55P.13, 1955. 

h 

2. Ueil,  Josesh, Sleenm., WfllFan! C.,  Jr., m d  Bpnes, Andrew L., Jr.: 
Investigztion of the  Effects of Wing and T a i l  Modifications 011. the  

SFiept  Wing of Aspect Ratio 3.5. NACA RV;_ L33C09, ly33. 
.L Low-Speeci Stability Chmxxteristics of a Hadel Zaving a Thin 40° 

3 .  Gillis, Clarence L., Polhamus, Edward C., and Gray, Jcseph L. , Jr . : 
Chm-Ls fo r  DetexminiF! Jet-Bowday Corrections for  Co31-plete Models 
5n 7- by 10-Foot Closed Rectangulzr W i d  Turtnels . NACA WR L-123, 
1945. (Formerly NACA Am L5G31. ) 

4. Eerriot, John G. : Blockage Corrections  for E??ee-Dinensional-€Zow 
Closed-Throzt Wind !kmnels, WTth Consideration of the  Effect of 
Compressibility. NACA Rep. 995, 1953. (Supersedes PJACA IIM ~ 7 ~ 2 8 .  ) 
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wing: 
w e 3  (EO= bludir? s h u k t e d   i n l e t  me&!. sq f t  

Sveepock of qxu-ter-ckrd lira. deg . . . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . .  
%per r s t l o  . . . . . . . . . . . . . . . . . .  
Di.he6ralY  deg . . . . . . . . . . . . . . . . .  
Incidence.  deg . . . . . . . . . . . . . . . . .  
He= aercdyl.1Rnic ciord. pt 
Geometric twis-,. de6 

Aircoil  section ( 3 0 ~ ~ 1  to  qwter-chorf i   l ine)  . 

spcrr;. . it . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  
NACA 

9-03 
5-59 

40 

0- 578 
3.45 

-3.5 
2.5 

0 

0;AOlO 
1.67 

n&p: me . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mail "aciling edge 
Area (ane flep). sp f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.42 
Sp er. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.009 
Hinge line,  percent chor6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
Y ? b m  deilectior'., deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko 

Aileron: 
Area (one aileron),  sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.38 
Spen, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.24 
Singel ine,   gercentciord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 

Eororizontel tail: 
h e & .  s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
@en. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S-deepbmk .. qmter-chord  line. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ixideme.  de6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r e t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tc-per . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil  seczicc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~=il  length frar (E/k).dE. .. (E/4)tail. . . . . . . . . . . . . . . . . . . . . .  

Basic ver t ica l  tcil: 
b e e .  .. ft . . . . . . . . . . . . . .  
Sgeepback of qaer-;er-chord line. deg . . 
Aspect . . . . . . . . . . . . . . . . . . .  
Tsser . . . . . . . . . . . . . . . . . . .  
Kea? aerodyrmuic chord. . . . . . . . . .  
Abfoi l   sect ion (aomcl to  qparter-chx6 
%il ler.gth f r m  (c'/~),,* .g to (E/h)tail. 

spn. f t  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  
l ine)  . . . . . . . . . . . . . . . .  
ft . . . . . . . . . . . . . . . . .  

Verzical t a i l  -&rh e r l e d e d  tis: 
hea.  sq f t  . . . . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . . . . . .  
S-*ee?b.-ck of qxrter-chord l i ~ ~ .  deg . . . . .  
Aspect retic . . . . . . . . . . . . . . . . .  
"apez r a t i o  . . . . . . . . . . . . . . . . .  
Keca asc5ynmic chord. f t  . . . . . . . . . .  
Airroil  secticn ( n e e  to q m t e r  caord Lice)  
Tsil  length -"rm (E/4)wirg t o  ft . 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . .  1.35 . . .  2.36 . . .  40 . . .  -1.0 . . * 3.54 . . .  1.0 . . .  c.67 
NACA &A009 . . .  3.45 

. . .  . . .  . . .  . . .  . . .  . . .  
YACA 

. . .  

. . 1.3g . . 1.k75 . . k1.5 . . 1.57 . . 0.421 . 0.m h ~ l o ~ A O l l  

. . 3.082 

. . . . .  1.478 . . . . .  1.628 . . . . .  51.56 . . . . .  1.79 . . . . .  0.366 . . . . .  0.973 
U C A  6& (lo)AOOU 
. . . . .  3.125 

Rudder: 
P n e  . . . . . . . . . . . . . . . . . . . . . . . . .  Wailing-dge  flap.  interml1.g  bllmced 
!rea.  sq ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.289 

Chcrd r e ~ 3 - c e d  r ~ o l l r s l  tc Wage line. f t  0.205 
Spm. f t  1.263 

T-ser retic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
S'meFback of hinge lire ueasured fYcm n-1 b -.%e Ouselege center 1-e. deg . . . . .  26.5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
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Figure 1.- Stability  system of axes. Positive  directions of forces, 
mments, and mgles are  indicated by arrows. . 



NACA RY L55C17 

center ->, I 1  

p" 695". 
" 

I 9/68 

Figure 2.- Ger;eral arrzngenent of the bzsic model configuration. (All 
dimensions are in inches. 1- 
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Figme 3.-  Prirrcipel dimensions of wiag tanks, qeed  brakes, and mdifi- 
cztions to t3e basic configuration. (All dimensions are in  inches. ) 
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F i v e  4.- derodyllzmic characteristics fn pitch showing ef fec ts  of t d s  
end brzkes for the  bzsic configuration. p = 00. 
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(a) a = -12.6O. 

Figure 3.- Effect of tanks and brakes on the aerodynaic characteristics 
of the   mdel  in siseslip.  Q .  



c 

8 

c 

-.05 

-./O 
.x 
-./5 

-5 0 5 /u /5 20  25 30 35 
Angle of sidedip, a, deg 

(a 1 Conclu~ed . 
Figure 5.- Continued. 
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(b) a = -6. lo. 

Figure 5.- Continued. 
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Figure 5. - Continued. 
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Figure 5. - Continued. 
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(c f Conclcded. 

Figu-re 5.- Continued. 
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Figme j. - Continued. 
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(a> Concluded. 

Figure 5.- Continued. 
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(e) a = 13.00. 

Figure 5. - Continued. 
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Figure 5.- Concluded. 
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Figure 6.- Efrect of tanks md brakes on the aerodynamic  characteristics 
of the model with the rudder deflected. S, = l3.5O; a = O.3O. 
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Figure 6.- Concluded. 
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Figure 7.- 3ffect of tmks and brEkes on the aerodynamic characteristics 
of the xodel with the  ailerons deflected. fjaT = 20°; a = 0.3O. 
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Figure 7.- Concluded. . 
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- Effect of the canopy on the aerodynamic characterist i  
model with tanks and brakes  installed. a = 0.3'. 
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Figure 8.- Concluded. 
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Angle of  sideslip, a,* 
Figure 9.- Effect of tanks and brakes on the aerodpemic characteristics 

of the model witfi tail surfaces removed. a, = O.3O. 
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Figure 9. - Cortcl-ded. 
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Figure 10.- Aerodynamic  cheracteristics of the model with the tanks and 
brskes installed separately. 
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Figure 10. - Concluded. 
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Figure 11.- Effect of tanks, sylons, and lhnding  gear on the aerodynamic 
charecteristics of the model w i t h  tanks .ma brakes installed. 
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Figure 11. - Concluded. 
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A ng/e of sideslip, ,&> deg 

(e) Brakes off. 

Figure 12.- Effect of taok f i n s  on the aerodynaic characteristics of the 
model with tanks instzlled. 
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Figure 12. - Continued. 
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(b ) Brakes on. 

Figure 12. - Continued. 
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Figure 12. - Concluded. 
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Figure 13.- Aerodynamic characteristics of the mdel with the sseed brakes 
modified and tanks installed. 
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Figure 13. - Concluded. 
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Figure 14.- Effect of the vertical-tail  extension on the aero@ 
acteristics of the model with tanks  and brakes installed  and 
dorsel fin. 
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Figure lk. - Concluded. 
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. 

Figure 15.- 5.Plec-L of the small dorsal f i n  on the aerod-fc character- 
i s t i c s  of the Eodel with tanks uld brakes installed and ex+,ended 
vertical tail. 1 
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Figure 15.- Concluded. 
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Figure 16.- Combined ef fec t  of the small dorsal f i n  and extended ve r t i -  
cal tgtl OD the aerodynamic characteristics of the model with tenks 
and brakes installed. 
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Figure 16. - Corcluded. 
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Figure 17.- Effect of dorsal fin size on the aerodynamic  characteristics 
of the  model with t&s and  brakes  installed,  extended  vertical  tail, 
and  landing gear. 
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Figure 17. - Comluded. 
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Figure 18.- Effect of flap deflection on the  aerodynamic chracteristics 
of the .nodel with  tm&s end brakes  installed and knding gear on. 

. 



55 

-5 0 5 /o /5 20 a -3 35 
Ang/e o f  sides/@ ,A deg 

FFgure 18. - Concluded. 
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Figure 19.- Effect of angle of a t tack  on the  increment of pitching  moment 
due to sideslip for the -model with t d s  and brakes installed. 

. 



U 
8 b 

. - w  x 

L-87987 
Figure 20.- Flow field behind the model as indicated by a t u f t  grid placed 

i n  the region occupied by the t i p  of the t a i l  surfaces. Tail surfaces 
replaced by thin unswepl; rods. a = loo; fJ = 23O; basic  configuration. 
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Figure 21.- Effect of tanks an6 brekes on the increments of the lateral 
components  contributed by the t a l l  surfaces. 
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Figure 22.- Separate and combined effects of tanks and brakes on  yawing- 
moment characteristics of the model. 
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Angle of sideslip, f 1 9  deg 

Figure 23.- Summary of the  effects of the extended vertical t a i l  and the 
large dorsal f i n  on yawing-moment characteristics of the model with 
tanks and brakes installed. 
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Figure 24.- Summaxy of the  effects of dorsal-fin size on yawing-moment 
characteristics of the model with tanks and brakes  installed. 
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Figure 25.- Effect of the landing gear on yawing moments of the model 
with tanks and brakes installed. 
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